Abstract-To overcome blind spots of an ordinary weather radar which scans horizontally at a high altitude, a weather radar which operates vertically, so called an atmospheric profiler, is needed. In this paper, a K-band radar for observing rainfall vertically is introduced, and measurement results of rainfall are shown and discussed. For better performance of the atmospheric profiler, the radar which has high resolution even with low transmitted power is designed. With this radar, a melting layer is detected and some results that show characteristics of the meting layer are measured well.
I. INTRODUCTION
A weather radar usually measures meteorological conditions of over a wide area at a high altitude. Because it observes weather phenomena in the area, it is mainly used for weather forecasting. However, blind spots exist because an ordinary weather radar scans horizontally, which results in difficulties in obtaining information on rainfall at higher and lower altitudes than the specific altitude. Therefore, a weather radar that covers the blind spots is required.
A weather radar that scans vertically could solve the problem. This kind of weather radar, so called an atmospheric profiler, points towards the sky and observes meteorological conditions according to the height [1] . Also, because the atmospheric profiler usually operates continuously at a fixed position, it could catch the sudden change of weather in the specific area.
In this paper, K-band rain radar which has low transmitted power and high resolutions of the range and the velocity is introduced. The frequency modulated continuous wave (FMCW) technique is used to achieve high sensitivity and reduce the cost of the system. In addition, meteorological results are discussed. Reflectivity, a fall speed of raindrops and Doppler spectrum measured when it rained are described, and characteristics of the melting layer are analyzed as well.
II. DEVELOPMENT OF K-BAND RAIN RADAR SYSTEM

A. Antenna
To suppress side-lobe levels and increase an antenna gain, offset dual reflector antennas are used [2] . Also, separation wall exists between the transmitter (Tx) and receiver (Rx) antennas to improve isolation between them. With these methods, leakage power between Tx and Rx could be reduced. Fig. 1 shows manufactured antennas and the separation wall. Fig. 2 shows a block diagram of the K-band rain radar. Reference signals for all PLLs in the system and clock signals for every digital chip in baseband are generated by four frequency synthesizers. In the Tx baseband module, a field programmable gate array (FPGA) controls a direct digital synthesizer (DDS) to generate an FMCW signal which decreases with time (down-chirp) and has a center frequency of 670 MHz. The sweep bandwidth is 50 MHz which gives the high range resolution of 3 m. Considering the cost, 2.4 GHz signal used as a reference clock input of the DDS is split and used for a local oscillator (LO). the FMCW signal is transmitted toward raindrops with the power of only 100 mW. Beat frequency which has data of the range and the radial velocity of raindrops is carried by 60 MHz and applied to the input of the Rx baseband module. In the Rx baseband module, quadrature demodulation is performed by a digital down converter (DDC). Thus, detectable range can be doubled than usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is performed by two FPGAs. Because the 2D FFT is performed with 1024 beat signals, the radar can have high resolution of the radial velocity. Finally, data of raindrops are transferred to a PC with local LAN via the an UDP protocol. TABLE I. shows main specification of the system. Abstract-This paper presents a comparison between fixed and reconfigurable 4-bit microwave discriminators. The fixed discriminator is implemented by using multi-band-stop filters to define bits used for frequency identification. The reconfigurable discriminator is implemented by using delay lines and two SPQT switches. Both designs operate at L and S bands, a comparison between both devices is provided, including simulated and measured responses for both designs. Section II describes the two circuits to be compared, section A deals with a fixed MD made with multi-band-stop filters. Section B describes the reconfigurable MD. Section III discusses the fabrication used for both devices, section IV shows the simulated and measured results for both designs. Finally, section V provides the comparison between the designs and section VI provides an overall conclusion to this work.
B. Design of Tranceiver
II. DISCRIMINATOR DESIGNS
The two designs to be compared are described in this section. Both designs operate at L and S frequency bands and use 4-bits for frequency identification. One design is fixed and the other is a reconfigurable design. Fig. 1a shows the 4-bit fixed MD device with an input port and four output ports to provide an instantaneous readout. This IFM implementation requires the following components on each of its branches: limiting amplifier, microwave discriminator, detector, amplifier and analogue to digital converter [1] [2] [3] [4] . The design is compact compared to a fixed delay line implementation [5] , resulting from the use of multiband-stop filters to produce the bits for frequency identification [4] . The filters are composed of rectangular microstrip open loop resonators, placed near a 50 Ω transmission line. The resonators de-couple electromagnetic energy from the transmission line, at the resonant frequency of the resonators, while other frequencies are able to go through the main transmission line [3, 4] . The response of this device is similar to an interference pattern obtained by interferometry, making it suitable for frequency identification. The device uses a power divider bank, formed by three Wilkinson power dividers with double stage [6] to produce a wideband response over the operation bandwidth of the device, which is from 1.5 to 4.66 GHz. Fig. 1b shows a 4-bit reconfigurable MD. This device has a two port configuration, which is able to produce 4 bits for frequency identification by switching between a set of 4 delay lines [7] . A 2-bit reconfigurable MD can also be found in [8] . The 4-bit reconfigurable MD is designed based on a reference line (l 0 ) with a length of λ g /2, four delay lines (l 1 , l 2 , l 3 and l 4 ) with a length of λ g , 3λ g /2, 2λ g and 5λ g /2 respectively, where λ g is the guided wavelength at 2.5 GHz. The design includes a Wilkinson power divider and combiner, and two Single Pole Quadruple Throw (SPQT) switches. The device operates from 1 to 4 GHz and identifies an unknown signal by switching between delay lines, providing a serial output by using only two ports.
A. Fixed microwave discriminator
B. Reconfigurable microwave discriminator
III. DISCRIMINATOR FABRICATION
Both MDs shown in fig. 1 were fabricated on an ARLON AD1000 substrate using a LPKF Protolaser S machine. The substrate has a dielectric constant of 10.2, loss tangent of 0.0023, with conductor and dielectric thickness of 0.035 mm and 1.27mm, respectively. Each power divider uses two resistors of 100 Ω and 220 Ω. The reconfigurable MD design in fig. 1b uses a bias network made of an inductor and resistor [8] .
The fixed MD design, shown in fig. 1a , measures 199 x113 mm, and uses 5 SMA connectors. Fig. 1b shows the reconfigurable MD, which measures 102 x 96 mm and uses two SMA connectors. Fig. 2 shows the simulated and measured response of the fixed MD. The simulated and measured responses agree well, however, there is a frequency shift of 350 MHz in all operating states. The simulated and measured responses of the reconfigurable MD are shown in fig. 3 . The simulated and measured results present a frequency shift of 27.96 MHz for state 1, 112.17 MHz for state 2, 65.84 MHz for state 3 and 50.59 MHz for state 4. This frequency shift for both cases might be due to a slight dielectric constant variation of the substrate.
IV. RESULTS AND DISCUSSION
The response of state 1 and 4 in fig. 2 correspond to the Most Significant Bit (MSB) and the Least Significant Bit (LSB) for frequency identification, generated by the discriminator 1 and 4 of the fixed MD, respectively. Similarly, the responses of state 1 and 4 in fig. 3 correspond to the MSB and LSB generated by the reconfigurable MD.
V. COMPARISON BETWEEN FIXED AND RECONFIGURABLE DISCRIMINATOR DESIGNS Table 1 summarizes the comparison between fixed and reconfigurable MD designs. Considering complete receiver architectures, the fixed MD consumes more power compared to the reconfigurable MD design, due to the fact that the fixed MD requires four times more electronic components for its implementation [8] . On the other hand, the reconfigurable MD requires time to switch through all four delay lines before providing the final readout, the switching speed of the PIN diodes used is of 10ns, time that will be needed to switch from one state to another on the reconfigurable MD design. The fixed MD will provide an instantaneous readout through the four parallel output ports.
Since considering full receiver architectures, the reconfigurable MD requires only one quarter of the total of electronic components used in the fixed MD. This allows generating light and compact Reconfigurable Frequency Measurement (RFM) receivers, with low power consumption [7, 8] and reduced size.
VI. CONCLUSION
In this paper, a comparison between fixed and reconfigurable MDs is presented. Both designs are implemented using low cost PCB techniques. The reconfigurable MD has some advantages over the fixed MD designs such as smaller size and it can be used to reduce the number of electronic components considering complete receiver architectures, resulting in low power consumption. The reconfigurable MD does the frequency identification process serially, while the fixed MD provides an instantaneous readout. 
